The growing demand for vegetable fats as food purpose has entailed a considerable expansion of oilseed crops all over the world. The two new varieties of sunflower (Helianthus annuus) seeds, viz LSF-11 and LSF-8 were analyzed for their chemical composition, fatty acid composition, solubility behavior of seed protein, anti-nutritive factors, amino acid profile and nutritive value. The seed contain saturated fatty acids ranged between (4.6 -6.08 %), unsaturated fatty acids (23.15 -24.78 %) The nutritive values were determined and compared in terms of feed utilization, nitrogen utilization and protein efficiency ratio and feed efficiency ratio. The anti-nutritive factors ,cyanogenic glucosides ranged between 4.026 -4.175 mg HCN/100g, tannins 0.623 -0.651g/100g, oxalates 0.098 -0.113g/100g and haemagglutinin activity 1:16 -1:8 blood group. The sunflower seed can thus be considered as a good source of protein with high nutritional value.
INTRODUCTION
Sunflower (Helianthus annuus) is an important oil seed crop of the world and it ranks third in production next to groundnut and soyabean (Byrareddy, 2008) . In India, sunflower is cultivated over an area of about 2.4 million ha with a production of 1.44 million tones (Anonymous, 2007) . The importance of sunflower as source of edible oil and high quality protein is continuously increasing. Sunflower plays an important role in human nutrition (Robert and Selma, 1967) .
The chemical composition of sunflower shows that the seed is an important source of oil, protein, calcium, carbohydrate and ash. Fat is a major nutrient. Fats are made up of fatty acids which include saturated fatty acids and polyunsaturated fatty acids (Nagraj, 1995) . Nitrogen solubility is one aspect of hydration which is the most important characteristics in evaluating protein quality since many functional properties of protein depend upon their capacity to go into solution initially. Solubility is affected by many factors such as pH during extraction, size of meal practice, temperature, meal solvent ratio and composition of solvent and character of protein (Baudet and Mosses, 1971 ). Sunflower seeds are good sources of essential amino acids and fats. The industrial application of them depends on the knowledge of nutritional importance and functional properties.
Sunflower crop has a great capacity for adaptation to varied latitudes, longitudes and photoperiods. In recent years, new agricultural practices such as crop rotation have adopted in region of grain production. Sunflower crop has interesting characteristic that meet farm requirements; it has higher drought resistance than maize and sorghum high disease and insect resistance and it also improve soil conditions for other crops (Sunflower, Embrapa Web-link, 2008) . The objective of this study was to evaluate the chemical composition, fatty acid composition, solubility behavior of protein, amino acid profile and anti-nutritive factors of the new varieties of sunflower LSF-11 and LSF-8.
MATERIALS AND METHODS
Sample collection: Seeds of sunflower (Helianthus annulus) variety LSF-11 and LSF-8 have procured from oil seeds research station, Latur (Maharashtra)
Chemical composition: The sunflower seeds were cleaned and stored properly at room temperature prior to their use in actual experiment.
Moisture, Ash (its analysis) and Calcium content were determined by the methods as described by Pearson (1962) . Crude fibre content was determined by the method as recommended in the Fertilizer and feeding stuff regulations . Phosphorus was determined according to the procedure of Sumner (1944) . Total lipid was determined by the methods of Colowick and Kaplan (1957) . Carbohydrate, reducing and non reducing sugar were estimated by the method of Nelson (1944) . Crude protein was estimated by "Micro Kjeldahls'' method (N X 6.25).
Fatty acid composition:
Powdered samples of experimental seeds were subjected to solvent extraction in Soxhlet apparatus for 20 hrs, using petroleum ether (40-60)C as solvent. Lipids were then estimated gravimetrically by following the procedure reported by Colowick and Kaplan (1957) . Methyl esters of the lipids were prepared by the method of Chowdhary et al (1984) . The Gas Liquid Chromatogram (GLC) analyses were carried out using a CHEMITO gas chromatogram (Model no. 8610 GC) and gas chromatograms were recorded using Flame Ionization Detector (FID) with split ratio 1:50.
Protein solubility:
In the present investigation all the seeds were analyzed for their protein content and protein solubilization with pH variation in the powdered form, because size of seed powder has been shown to influence the nitrogenous extraction (Dijang et al, 1953 and 1952) . The seeds were sun dried and powdered to mesh (Deshmukh and Sohonie, 1965 ).
The effects of pH variation of the solvent on the protein solubilization were studied by varying pH of water, ranging from 0.5 to 13.5, brought by the addition of Hydrochloric acid or sodium hydroxide solution, 1gm of the seed powder was suspended in 20 ml of extractant of desired pH . The contents were shaken in electrical shaker for about 2 hrs at room temperature and centrifuged for 20 minutes at 2000 rpm in a centrifuge. The nitrogen solubilized was determined in supernatant so obtained by "micro Kjeldahls" method .
Amino acid profile: Amino acids were determined by high performance liquid chromatography (HPLC) by the method of Cserhati and Forgacs (1999) , Kerese (1984) . Finely ground samples were hydrolyzed by adding 4.83g Barium hydroxide and 5ml of boiling water to 500mg of sample. The mixture was evacuated and then heated at 120 o C for 8 hrs. After hydrolysis, the pH was adjusted to 3 with HCl, and diluted to 25ml with HPLC grade distilled water. 1ml of sample was vacuum dried using flash evaporator and finally dissolved in citrate buffer (0.1m; pH2.2).
Acid hydrolysis is carried out with 6N HCl at 110 o C to 18-22hrs in evacuated and sealed tubes. The hydrolysate was filtered and diluted to 250ml. 1ml of sample was vacuum evaporated at 40 o C until dryness. The content was dissolved in citrate buffer (0.1M; pH2.2). 20µl of this derivatized were injected directly into the HPLC. Detection was accomplished using Shimadzu HPLC detector LC-10A with variable wavelength monitor set at 350-450nm. Resolution of amino acid derivatives was routinely accomplished using a binary gradient system. The solvent used were: (A) 58.8gm of sodium citrate containing 0.2N sodium (pH 3.2), 210ml 99.5% ethanol and 50ml (60%) Perchloric acid and (B) 58.5gm of sodium citrate containing 0.6N sodium (pH 10), 12.4g Boric acid and 30ml 4N NaOH solution. Solvent was delivered to the column at a flow rate of 4ml/min for 7 to 10 minutes.
Anti-nutritive factors:
Cyanide and Tannin were determined by the method of AOAC (1970) . Oxalates were determined by using the method of Talpatra et.al. (1948) . The method of Kakade et.al. (1969) was used for the determination of Trypsin inhibitor activity. Haemagglutanin activity was determined by the method as given by Liener I.E (1955).
Nutritive value:
The experimental diets were isonitrogenious (24.50 percent) and isocaloric (3030 Kcal/Kg) experimental diet comprised (per Kg) of:-420 g maize yellow, 50 g oil, 430 g groundnut cake, 80 g fish meal (Jawala), 19.6 g mineral mixture and 0.49 vitamin mixture as recommended by I.S.I.(565.4 part I 1970). Casein and seed proteins were added to this experimental diet by substitution of the maize yellow to give a total dietary protein content of 100g/Kg. The seed meals used in the study were autoclaved for 30 minutes at 15 1b pressure (Kaduskar et al. 1978) before being incorporated in the diets to destroy the toxic constituents (Cyanogenitic glycosides, tannin and trypsin inhibitors). Crude protein content and other proximate constituent are not affected by autoclaving (Gupta et al. 1988 ) and protein digestibility is enhanced by four to forty percent as compared to raw material (Sangle et al. 1993) .
The experiment was performed on the white male albino rats. Eighteen rats of aged 34 days old were distributed to six groups each having three rats. Rats selected were of body weight nearest to the mean of population. They were housed in individual cages. The rats were fed ad libitum exclusively experimental diets were fed for ten days ( Bressiani et al. 1977) including the three days of pre experimental period and water was available ad libitum. The weight and food intake of the rats were monitored daily. Faeces were collected after 5 days and after 10 days of the trial. The faecal (excreta) were dried in hot oven at 100 o C. Protein efficiency ratio and feed efficiency ratio were calculated by the method given by Osborne et al. (1919) . Total nitrogen was estimated by "Semi-Micro Kjeldahls" method as usual .
RESULT AND DISCUSSION
Proximate analysis results of sunflower seeds are shown in Table 1 , 2 & 3. Moisture content of Helianthus annuus LSF-11 (4.613 percent) and LSF-8 (3.627 percent) was found to be in close proximity with each other and with other oil seeds (Gupta and Shrivastava, 2004; Thakur et al. 2005; Nagraj, 1995 and Cancalon, 1971 ).
Helianthus annuus LSF-11 and LSF-8 have Crude fibre content (3.411 percent) and (2.585 percent) respectively, which is in accordance with other varieties of other oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995; Cancalon, 1971 and Salunkhe et al. (ed.) 1992) . The crude protein content was estimated to be (25.08 percent) and (24.81 percent) of Helianthus annuus LSF-11 and LSF-8 respectively and were found to be in close proximity with each other and with other oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995 and Cancalon, 1971 The total carbohydrate content of Helianthus annuus LSF -11 (27.76 percent) and LSF -8 (33.50 percent) was found to be in close proximity with each other and with other oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995 and Cancalon, 1971) The major portions of carbohydrate of the seed under study were present in non reducing form.
The total lipid content of Helianthus annuus LSF-11 (36.855 percent) and Helianthus annuus LSF-8 (30.985 percent) was found to be in close proximity with each other and with other varieties of oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995; Salunkhe et al. (ed.) 1992 and Cancalon, 1971) .
Ash content of Helianthus annuus LSF-11 (4.823 percent) and LSF-8 (4.866 percent) was found to be in close proximity with each other. However, they are in general agreement with other oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995 and Cancalon, 1971) .
Calcium content of Helianthus annuus LSF-11 (0.107 percent) and LSF-8 (0.150 percent) are in general accordance with each other and also with other varieties of Helianthus annuus (Gupta and Shrivastava, 2004; Nagraj, 1995 and Cancalon, 1971) .
Phosphorus content of Helianthus annuus LSF-11 and LSF-8 have (0.40 percent) and (0.39 percent) respectively which is in close proximity with each other and also with other varieties of Helianthus annuus (Gupta and Shrivastava, 2004; Nagraj, 1995; Salunkhe et al. (ed.) 1992 and Cancalon, 1971) .
Energy content of Helianthus annuus LSF-11(543.055 Kcal) and LSF-8 (512.105 Kcal) was found to be in close proximity with each other. However, they are in general agreement with other oil seeds (Gupta and Shrivastava, 2004; Nagraj, 1995; Salunkhe et al. (ed.) 1992 and Cancalon, 1971 ).
The fatty acids composition of the sunflower seed oils is shown in Table - table Table 5 & 6 respectively).
The solubility of seed protein was found to be maximum i.e.13.90 % at 12.0 pH in Helianthus annuus LSF-8 and 12.79 % at 12.0 pH in Helianthus annus LSF-11. The solubility of seed protein was found to be minimum i.e.2.77 % at 2.0 pH in Helianthus annuus LSF-11 and 2.08 % at 8.0 pH in Helianthus annuus LSF-8. These results are in good agreement with other oil seeds (Nagraj, 1995; Lah and Cheryan, 1980; Harsha et al. 1996; Singhai and Shrivastava, 2004; Wilson et al. 1965 and Stevenson and Millet, 1959) .
Quantitative and qualitative estimation of amino acid composition in the seed proteins of Helianthus annus LSF-11 and LSF-8 are given in Table 7 and chromatograms are represented in fig. 1-2 From the perusal of the data it appears that in the seed protein of Helianthus annus LSF-8 and LSF-11, the percentage of Glutamic acid was maximum (4.899 and 5.083 g/100g respectively). However other amino acids are in increasing order were ammnia, methionine, tryptophan, tyrosine, histidine, cysteine, threonine, lycine, isoleucine, phenylanine, valine, proline. Glycine, serine, alanine, leucine, arginine, aspartic acid which are closely resembles each others. Adequate methionine prevents disorder of hair, skin and nail; reduces liver fat and protect the kidney (Amino acid 2005). Essential amino acids in oil seeds contribute to good health and well being. Deficiency of lycine leads to physical and mental handicap (Papes et al. 2001 ). The antioxidant activity of these amino acids suggests a disease preventive role as exemplified by arginine which is beneficial for preventation of cardiovascular disease (Balsubramanian et al. 1980) . However all these values of amino acid composition of these seed proteins under study were found to be good agreement with their other varieties and other oil seeds reported earlier (Gupta and Shrivastava, 2006; Shrivastava et al 1992; Nagraj, 1995; Singh et al.2003 and Robert and Selma, 1967) . The antinutritive factors of the sunflower seeds are shown in Table- 8. Cyanide content of seeds of Helianthus annuus varieties LSF-11(4.175 mg/100g), LSF-8 (4.026 mg/100g), which is in close resembles to each other and was found to be in close proximity with other oil seeds (Dominguez et al. 1993; Montgomery 1969 and Chubb, 1982) ..
Oxalate content of seeds of Helianthus annuus varieties LSF-11(0.113 g/100g), LSF-8 (0.098 g/100g is lower than the value reported by Gupta .M for other oil seeds (Bagepalli et al. 1982 and Nagraj, 1995) . However these values are in close proximity with each other.
Tannin content of seeds of Helianthus annuus varieties LSF-11(0.651 g/100g), , is found to be in the range of other oil seeds (Nagraj, 1995 and .
No inhibition of trypsin was found in varieties of Helianthus annuus varieties LSF-11 and LSF-8. Helianthus annuus varieties LSF-11 and LSF-8 have haemagglutanin activity in the range of titrated value 1:16 to 1:8 which is in close resemblance with other oil seeds (Gupta and Shrivastava, 2005) .
The composition of balanced diets is given in Table- 9. The feed intake denotes the food consumed in last three days. Feed intake, Faeces voided, Feed utilization, Percentage of feed utilization, Nitrogen utilization, Nitrogen intake, Nitrogen voided, Nitrogen utilization, Percentage of nitrogen utilization per rat per day are given in Table 10 .
Gain in body weight, total feed consumed, total protein consumed protein efficiency ratio and feed efficiency ratio per rat for ten days are given in Table- 11.
The feed utilization for Helianthus annuus LSF-11, Helianthus annuus LSF-8, was found to be 5.466g and 5.260g respectively, where as nitrogen utilization for these varieties was found to be 0.2414g and 0.2315g respectively. The value for feed utilization and nitrogen utilization of these varieties were found to be in close resemblance with the values of feed utilization (6.521g) and nitrogen utilization (0.2833g) of controlled diet and also with other oil seeds (Gupta and Shrivastava, 2003; Nagraj, 1995; Singh et al. 2000; Gopalan et al. 1980 and Shrivastava et al. 1991) . The protein efficiency ratio of all the five varieties under study are in general accordance with one another ie. + 1.473 (Helianthus annuus LSF-11), + 1.502 (Helianthus annuus LSF-8), and also with controlled diet (+ 1.355).These two varieties under study showed almost same nutritive value in spite of having different chemical composition. It may be due to isonitrogeneous inclusion of crude protein of oil seeds (Shrivastava et al. 1991) .
Statistical analysis:
Results of chemical composition, fatty acid composition, protein solubility, anti-nutritive factors, amino acid profile & nutritive value of Helianthus annuus variety LSF-11 and LSF-8 were submitted to statistical significance by using 'student t test'. Descriptive statistics (Mean, standard error mean and standard deviation) were calculated for triplicate determination using the SPSS 10 computer software package and significant differences between treatments were determined using 5% significance level. The result of statistical analysis is given in Table 12-13. 
CONCLUSION
New varieties of sunflower seeds were found to be essentially non-toxic for rats. The results of the present nutritional studies with rats suggest that they could be more widely grown and utilized as dietary protein sources and these could be put to far greater use. Their potential for nutritional exploitation is further enhanced by the fact that they would not require prolonged and expensive heat-treatment prior to use. The data presented in this study suggested that these sunflower seeds have relatively low levels of some anti-nutritive factors. The data presented in this study also suggested that these sunflower seeds have relatively high levels of some essential and non essential amino acids, which are a healthy food for human and animal nutrition. The Helianthus annuus LSF -11 and LSF-8 are the potential sources of oil as well as a good source of protein supplement in livestock and human food particularly.
